OPTICAL LENS WITH THREE-LAYER ANTI-REFLECTION COATING 



PURPOSE: Coated optical lens comprises (1) lens of optical glass having 
refractive index Ns of 1 .45-1 .60; (ii) first coating layer with thickness of lambda 
s/4 formed by vacuum deposition of yttrium aluminum garnet , (iii) second coating 
layer with thickness of lambda s/2 formed by vacuum deposition of Zr02 or Ti02, 
and (iv) third coating layer with thickness of lambda s/4 formed by vacuum 
deposition of MgF2.n21 is approx. nsn23. (lambda s is wavelength of standard 
light; n1 and n3 are the refractive indices of (ii) and (iv), respectively). In 
comparison with conventional first layer coating material such as CeF3, AI203, 
Th02, etc. the coating obtd. from Y-AI garnet is non-radioactive and highly stable 
to heat, and has ideal refractive index value (1.83) for satisfying n21 is approx. 
nsn23. 
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Cited Reference 
Attorney Docket No. 035-0004 
Zagorin, O'Brien & Graham, LLP. 

Yttrium aluminum garnet (YAG) films through a precursor plasma 
spraying technique. Parukuttyamma, Sujatha D.; Margolis, Joshua; Liu, Haiming; 
Grey, Clare P.; Sampath, Sanjay; Herman, Herbert; Parise, John B. Center for Thermal 
Spray Research, Department of Materials Science and Engineering, Department of 
Chemistry, State University of New York, Stony Brook, NY, USA. J. Am. Ceram. 
Soc. (2001), 84(8), 1906-1908. CODEN: JACTAW ISSN: 0002-7820. Journal 
written in English. 

ABSTRACT Coatings of yttrium aluminum garnet (Y3A15012, YAG), which 
is a promising high-temp, ceramic, were developed for the first time using a novel 
precursor plasma spraying (PPS) technique. The precursor sol was sprayed using a radio- 
frequency induction plasma technique. X-ray diffraction anal, of the as-sprayed coatings 
confirmed that a metastable hexagonal yttrium aluminate (H-YA103) was the major 
phase. The above-described specimen, on further treatment with plasma, was converted 
to cubic garnet (YAG) as the major phase, with a minor amt. of orthorhombic YA103 (O- 
YAP) phase. 27 Al magic-angle spinning NMR of the YAG coating corroborated the X- 
ray results and confirmed the presence of YAG and O-YAP phases. Formation of the 
garnet phase through the PPS technique is proof that the chem. can be controlled in the 
plasma. This finding opens up new avenues for developing complex functional oxide 
deposits. 
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Sputter-deposited yttria-alumina thin films for optical waveguiding 

StadlerBJH, Oliver M 

JOURNAL OF APPLIED PHYSICS 

84 (1): 93-99 JUL 1 1998 

Document type: Article 

Language: English 

ABSTRACT Yttria-alumina: planar waveguides were fabricated by reactive 
codeposition from yttrium and aluminum targets. These waveguides were verified to be 
amorphous with yttria contents as high as 23.4% by x-ray diffraction, both conventional 
and glancing angle, and by transmission electron microscopy. Above 41.8% yttria, the 
waveguides had mixed crystallinity and contained microcrystallites (0.5-0.9 nm) 
dispersed throughout an amorphous matrix. These microstructures appeared to be 
unaffected by the oxygen content in the sputtering gas, The index of refraction was found 
to increase strongly as a function of yttria content, but remain constant with oxygen 
content. Although the waveguides had wide transmission windows, the infrared edges 
were observed to shift with composition toward the values of the end member edges of 
1 1 (alumina) to greater than or equal to 15 mu m (yttria). In general, the waveguides had 
optical losses of 10-20 dB/cm. However, films with compositions roughly equivalent to 
that of yttrium iron garnet had lower losses (1-5 dB/cm). These losses are the lowest 
reported to date for yttria-alumina waveguides, and combined with the extended infrared 
transparencies, make these films very promising hosts for waveguide amplifiers. 
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Cited Reference 
Attorney Docket No. 035-0004 
Zagorin, O'Brien & Graham, LLP. 

Film synthesis of Y3A15012 and Y3Fe5012 by the spray-inductively coupled 
plasma technique. Mizoguchi, Yoshihito; Kagawa, Masahiro; Syono, Yasuhiko; 
Hirai, Toshio. Institute for Materials Research, Tohoku University, Sendai, Japan. J. 
Am. Ceram. Soc. (2001), 84(3), 651-653. CODEN: JACTAW ISSN: 0002-7820. 
Journal written in English. 

ABSTRACT Thin films of yttrium aluminum garnet (YAG, Y3A15012) and 
yttrium iron garne t (YIG, Y3Fe5012) were synthesized on single-crystal A1203 
substrates by a modification of spray pyrolysis using a high-temp, inductively coupled 
plasma at atm. pressure (spray-ICP technique). Using this technique, films could be 
grown at faster rates (0.12 jjm/min for YAG and 0.10 |am/min for YIG) than using chem. 
vapor deposition (0.005-0.008 |im/min for YAG) or sputtering (0.003-0.005 ^m/min for 
YIG). The films were dense and revealed a preferred orientation of (21 1). The growth of 
YIG was accompanied by copptn. of <x-Fe203. The copptn., however, could be largely 
suppressed by preliminary formation of a Y203 layer on the substrate. 



10/044,744 



Cited Reference 
Attorney Docket No. 035-0004 
Zagorin, O'Brien & Graham, LLP. 



Non-equilibrium phase synthesis in A1203-Y203 by spray pyrolysis of 
nitrate precursors. Ullal, C. K.; Balasubramaniam, K. R.; Gandhi, A. S.; Jayaram, V. 
Department of Metallurgy, Indian Institute of Science, Bangalore, India. Acta Mater. 
(2001), 49(14), 2691-2699. CODEN: ACMAFD ISSN: 1359-6454. Journal written in 
English. 

ABSTRACT The phase evolution in the A1203-Y203 system has been studied 
for 4, 10, 15 and 37.5% Y203 amorphous powders prepared by spray pyrolysis of nitrate 
precursor solns. Two distinct metastable transformation sequences were identified for the 
amorphous powders upon heat treatment. Crystn. accompanied by partitioning leads to a 
mixt. of hexagonal YA103 and y-A1203 (spinel structure). Partitionless crystn., on the 
other hand, leads directly to a y-A1203 solid soln. in dil. alloys, and garnet at temps, as 
low as 800°C in the stoichiometric compn. provided segregation is avoided during 
decompn. Further heat treatment of a yttria-supersatd. y-A1203 leads to the pptn. of the 
orthorhombic YA103 that is stable up to temps, as high as 1600°C, while hexagonal 
YA103 converts to garnet, Y3A15012. A rationalization of the phase evolution sequence 
was attempted on the basis of kinetic considerations, cation coordination and semi-quant, 
free energy-compn. curves for the various competing phases. 



10/044,744 



Cited Reference 
Attorney Docket No. 035-0004 
Zagorin, O'Brien & Graham, LLP. 



Comparison of solid-state and spray-pyrolysis synthesis of yttrium aluminate 
powders. Nyman, May; Caruso, James; Hampden-Smith, Mark J. Dep. Chem. 
Center Micro-Engineered Ceramics, Univ. New Mexico, Albuquerque, NM, USA. J. 
Am. Ceram. Soc. (1997), 80(5), 1231-1238. CODEN: JACTAW ISSN: 0002-7820. 
Journal written in English. 

ABSTRACT: The influence of precursor characteristics and synthesis 
conditions on the formation of yttrium aluminum garnet, Y3A15012 (YAG), was 
investigated using "single-source 11 precursors (cohydrolyzed yttrium and aluminum 
alkoxides and yttrium aluminum glycolates) and "multiple-source" precursors (mixts. of 
metal nitrates and mixts. of sep. hydrolyzed yttrium and aluminum alkoxides). Phase- 
pure YAG was formed only in the solid-state thermal decompn. expts. The lack of 
formation of YAG in all the spray-pyrolysis expts. was ascribed to the short heating times 
and fast heating rates, which resulted in the formation of kinetic products. In the case of 
the metal nitrates, an addnl. factor that influenced product formation was the difference in 
thermal reactivity of the precursors. It was concluded that the formation of complex 
metal oxide materials by conventional or aerosol routes is not necessarily achieved by the 
use of a chem. homogeneous precursor, such as a single-source precursor. It also was 
necessary to ensure that the precursors and intermediates have similar thermal decompn. 
temps, to avoid phase segregation in the initial stages of thermal decompn. 
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Gas-phase synthesis of ultrafine particles and thin films of yttrium- 
aluminum oxide by the spray-ICP technique. Kagawa, M.; Suzuki, M.; Mizoguchi, 
Y.; Hirai, T.; Syono, Y. Inst. Mater. Res., Tohoku Univ., Sendai, Japan. J. Aerosol 
Sci. (1993), 24(3), 349-55. CODEN: JALSB7 ISSN: 0021-8502. Journal written in 
English. 

ABSTRACT 

Powders and thin films of Y-A1-0 were synthesized by introducing atomized 
solns. of Y and Al chlorides or nitrates into an argon inductively coupled plasma at high 
temps, above 5000 K (the spray-ICP technique). The powders consisted of spherical fine 
particles of 10-50 nm diam., and were mixts. of amorphous and cryst. material whose 
phase varied from Y4A1209 to hexagonal (h-) YA103 depending on the metal ratio of 
Y:A1 in the precursor solns. No garnet type Y3A15012 was formed even when the Al to 
Y ratio in the soln. was increased past the garnet compn. Films were prepd. on single- 
crystal sapphire surfaces having no background reflection peaks in x-ray diffraction. The 
films had fine columnar structures, and exhibited a (001) orientation of h-YA103 in the 
Al-rich region above Y: A =1:1 in molar ratio. Particle formation occurred by the 
condensation of oxides from the gas phase formed by the evapn. and reaction of metal 
salts. H-YA103 was formed as a stable intermediate compd. in the deposition process. 
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Plasma-sprayed alumina-yttria ceramic coatings for cavitation-erosion 
protection. Kim, Hee Jae. Dep. Ordnance Eng., Korea Mil. Acad., S. Korea. 
Han'gukPusikHakhoechi (1989), 18(3), 139-46. CODEN: HPHADI ISSN: 0253- 
312X. Journal written in English. 

ABSTRACT 

A1203-Y203 composite powders were plasma sprayed o n C steel plates . 
Microstructures of the sprayed coatings were characterized, and their cavitation-erosion 
resistance was detd. A1203-Y203 composite powder coatings produced a large grained 
equiaxed structure of A1203 phases, with fine elongated Y203 ppts. and Y203-A1203 
garnet phases. A1203 coatings with 3-5 wt.% Y203 addns. significantly increased the 
hardness and resistance to cavitation-erosion environments. 
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Accession No: 6046150 INSPEC ABSTRACT No: A9822-6855-033 
Author(s): Esparza, A.; Garcia, M.; Falcony, C. 

Corp Source: Dept. de Fisica, Centro de Investigation y de Estudios Avanzados, IPN, 
Mexico City, Mexico 

Title: Structural and photoluminescent characteristics of yttrium-aluminum oxide films 
doped with Tb,Eu or Ce 

Source: Thin Solid Films, vol.325, no.1-2 p. 14-18 

ISSN: 0040-6090 

CODEN: THSFAP 

Publication: Switzerland 

Language: English 

Publisher: Elsevier 

Year: 18 July 1998 

Copyright No: 0040-6090/98/$ 19.00 

Treatment: X Experimental 

Record Type: Journal Paper 

ABSTRACT; The structural and room temperature luminescent characteristics of 
rare earth doped yttrium-aluminum oxide films deposited by the spray pyrolysis 
technique at low temperatures have been studied as a function of the deposition 
parameters such as substrate temperature and dopant concentration. The spraying solution 
is prepared by mixing yttrium and aluminum chlorides in water, and the incorporation of 
the rare earth dopants is achieved by adding chloride salts of these elements to this 
solution. The photoluminescent emission from Tb- and Eu-doped films have the spectral 
characteristics typical of radiative transitions among the electronic energy levels 
associated with the 3+ionized states of these atoms. The Ce doped films, on the other 
hand, present a blue emission that is associated with transitions within the energy states 
of the CeCl/sub 3/ molecule used for the doping process of the film. The X-ray 
diffraction measurements of these films indicated poor crystallinity in general, with small 
crystalline peaks and a broad amorphous component that tend to be reduced as the 
deposition temperature is increased (15 Refs.) 
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Accession No: 1327552 INSPEC ABSTRACT No: A79034025 
Author(s): Korotkov, N.A.; Zaitsev, A. A.; Lazarev, E.M. 

Title: Electron diffraction study of phase transformations in thin films of Y/sub 2/O/sub 
3/-Al/sub 2/O/sub 3/ 

Source: Izvestiya Akademii Nauk SSSR, Metally, no.4 p. 251-5 

ISSN: 0568-5303 

CODEN: IZNMAQ 

Publication: USSR 

Translated In: Russian Metallurgy 

ISSN: 0036-0295 

CODEN: RMLYAQ 

Country: UK 

Language: English 

Year: July- Aug. 1978 

Treatment: X Experimental 

Record Type: Journal Paper 

ABSTRACT: Investigates the phase transformations in the Y/sub 2/O/sub 3/- 
Al/sub 2/O/sub 3/ oxide system with a view to its use in heat-resistant coating materials 
and ceramic and semiconductor technology. In the thin yttrium-aluminium oxide films 
with all the different compositions under consideration at 900 degrees C initially in 
contact between the oxides, a YAlO/sub 3/ compound is formed and then a Y/sub 
4/Al/sub 2/O/sub 91 compound. The YAlO/sub 3/ compound is shown by electron 
diffraction to be stable and in equilibrium with the Y/sub 4/Al/sub 2/O/sub 91 compound 
at 900-1000 degrees C but to dissociate at 1050 degrees C into Y/sub 4/Al/sub 2/O/sub 91 
and Y/sub 3/Al/sub 5/O/sub 12/. The Y/sub 4/Al/sub 2/O/sub 91 compound dissociates 
into Y/sub 3/Al/sub 5/O/sub 12/ and yttrium sesquioxide at 1200-1300 degrees C. In the 
thin films the Y/sub 3/Al/sub 5/O/sub 12/ compound is formed from solid Y/sub 2/O/sub 
3/ and Al/sub 2/O/sub 3/ oxides of all compositions at 1050 degrees C and is stable over 
the whole temperature range under consideration (20-1400 degrees C) (8 Refs.) 
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TI- <Analytic> Electron diffraction investigation of phase transformations 

in thin Y/sub 2/O/sub 3/-Al/sub 2/O/sub 3/ films| 
AU- <Analytic> Korotkov, N.A.| Zajtsev, A.A.| Lazarev, E.M.| 
SO- <JN> Izv. Akad. Nauk SSSR, Met. (USSR)| 
SO- <VO> 4| 
CO- IZNMA| 
SO- <PY>Jul-Aug 1978| 
SO- <Page Range> 251-255) 
LA- Russian] 

ABSTRACT AB- Studied have been the phase transformations in the Y/sub 
2/O/sub 3/-Al/sub 2/O/sub 3/ system. This system is promising for the heat-resistant 
coating materials and for the ceramic and semi-conductor technology. The electron 
diffraction phase analysis method has been used. The data obtained have shown that in 
the thin yttrium-aluminium oxide films of all the researched compositions at 900 deg C, 
the YAlO/sub 3/ compound is formed, in the contact between the aluminium and yttrium 
oxides, first, then the Y/sub 4/Al/sub 2/O/sub 91 compound is formed. Judging by the 
electron-diffraction data, the YAlO/sub 3/ compound is stable and is in equilibrium with 
the Y/sub 4/Al/sub 2/O/sub 91 compound in the 900-1000 deg C range. However, at 1050 
deg C it decays into Y/sub 4/Al/sub 2/O/sub 91 and Y/sub 3/Al/sub 5/O/sub 12/. The 
Y/sub 4/Al/sub 2/O/sub 91 compound decays into Y/sub 3/Al/sub 5/O/sub 12/ and the 
sesquioxide of yttrium at 1200-1300 deg C. In thin films, the Y/sub 3/Al/sub 5/O/sub 12/ 
compound is formed from the Y/sub 2/O/sub 3/ and Al/sub 2/O/sub 3/ solid oxides of any 
composition at 1050 deg C. This formation is stable in the researched temperature range 
(20-140 deg C).|| 
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